
US 2011 0057250A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0057250 A1 

Higashi (43) Pub. Date: Mar. 10, 2011 

(54) NONVOLATILE SEMICONDUCTOR Publication Classification 
MEMORY DEVICE AND METHOD OF (51) Int. Cl 
MANUFACTURING THE SAME ioni 39/792 (2006.01) 

(52) U.S. Cl. ................................. 257/324; 257/E29.309 
(75) Inventor: syuki Higashi, Yokohama-shi (57) ABSTRACT 

A plurality of conductive layers are stacked in a first region 
y and a second region. A semiconductor layer is Surrounded by 
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The conductive layers includes first trenches, second 
trenches, and third trenches. The first trenches are arranged in 
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NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE AND METHOD OF 

MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from the prior Japanese Patent Application No. 
2009-205004, filed on Sep. 4, 2009, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relates to a nonvola 
tile semiconductor memory device and a method of manufac 
turing the same. 

BACKGROUND 

0003. In recent years, many semiconductor memory 
devices are proposed in which memory cells are disposed 
three-dimensionally to increase the degree of integration of 
memory. 
0004 For example, a nonvolatile semiconductor memory 
device includes a memory region having memory cells 
arranged therein, and a peripheral region positioned in the 
periphery of the memory region. Further, the structure of this 
nonvolatile semiconductor memory device includes a plural 
ity of conductive layers (silicon (Si)) and insulating layers 
(silicon oxide (SiO)) stacked in the memory region and the 
peripheral region, and a column-shaped semiconductor layer 
(silicon (Si)) extending so as to penetrate these conductive 
layers and insulating layers. The conductive layers include a 
stepped portion formed in a stepped shape in a peripheral 
region thereof to allow contact with wiring in an upper layer. 
Moreover, in the memory region, the conductive layers func 
tion as controlgates of the memory transistors (memory cells) 
and the semiconductor layer functions as a channel (body) of 
the memory transistors (memory cells). 
0005. However, since the above-described conductive lay 
ers and insulating layers have etching rates that differ greatly, 
it is difficult to form holes penetrating the conductive layers 
and insulating layers in one lot. Furthermore, there is a need 
to prevent faults from being generated in the stepped portion 
during manufacturing processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram of a nonvolatile semicon 
ductor memory device 100 in accordance with a first embodi 
ment. 

0007 FIG. 2 is a schematic perspective view of the non 
volatile semiconductor memory device 100 in accordance 
with the first embodiment. 
0008 FIG. 3 is an equivalent circuit diagram of the non 
volatile semiconductor memory device 100 in accordance 
with the first embodiment. 
0009 FIG. 4A is a schematic top view of the nonvolatile 
semiconductor memory device 100 in accordance with the 
first embodiment. 
0010 FIG. 4B is a cross-sectional view taken along the 
line I-I" of FIG. 4A. 
0011 FIG. 4C is a cross-sectional view taken along the 
line II-II' of FIG. 4A. 
0012 FIG. 4D is a cross-sectional view taken along the 
line III-III' of FIG. 4A. 
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(0013 FIG. 5A is an enlarged view of FIG. 4A. 
(0014 FIG. 5B is an enlarged view of FIG. 4B. 
0015 FIG. 6A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0016 FIG. 6B is a cross-sectional view taken along the 
line I-I" of FIG. 6A. 
0017 FIG. 7A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0018 FIG. 7B is a cross-sectional view taken along the 
line I-I" of FIG. 7A. 
0019 FIG. 8A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0020 FIG. 8B is a cross-sectional view taken along the 
line I-I" of FIG. 8A. 
0021 FIG. 9A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0022 FIG.9B is a cross-sectional view taken along the 
line I-I" of FIG.9A. 
0023 FIG. 10A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0024 FIG. 10B is a cross-sectional view taken along the 
line I-I" of FIG. 10A. 
0025 FIG. 10C is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 
0026 FIG. 11A is a cross-sectional view taken along the 
line I-I" of FIG. 10A. 
0027 FIG. 11B is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 
0028 FIG. 12A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0029 FIG. 12B is a cross-sectional view taken along the 
line I-I" of FIG. 12A. 
0030 FIG. 12C is a cross-sectional view taken along the 
line II-II' of FIG. 12A. 
0031 FIG. 13A is a top view showing a manufacturing 
process of the nonvolatile semiconductor memory device 100 
in accordance with the first embodiment. 
0032 FIG. 13B is a cross-sectional view taken along the 
line II-II' of FIG. 13A. 
0033 FIG. 14 is a cross-sectional view taken along the line 
II-II of FIG. 13A 
0034 FIG. 15A is a schematic top view of a nonvolatile 
semiconductor memory device in accordance with a second 
embodiment. 
0035 FIG. 15B is a cross-sectional view taken along the 
line I-I" of FIG. 15A. 
0036 FIG. 15C is a cross-sectional view taken along the 
line II-II' of FIG. 15A. 
0037 FIG. 16A is a cross-sectional view taken along the 
line I-I" of FIG. 10A showing a manufacturing process of the 
nonvolatile semiconductor memory device in accordance 
with the second embodiment. 
0038 FIG. 16B is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 
0039 FIG. 17A is a cross-sectional view taken along the 
line I-I" of FIG. 10A. 
0040 FIG. 17B is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 
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0041 FIG. 18A is a cross-sectional view taken along the 
line I-I" of FIG. 10A. 
0042 FIG. 18B is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 
0043 FIG. 19A is a cross-sectional view taken along the 
line I-I" of FIG. 10A. 
0044 FIG. 19B is a cross-sectional view taken along the 
line II-II' of FIG. 10A. 

DETAILED DESCRIPTION 

0045. According to one embodiment, a nonvolatile semi 
conductor memory device includes a first region having a 
plurality of electrically rewritable memory cells disposed 
therein, and a second region adjacent to the first region. The 
nonvolatile semiconductor memory device comprises a plu 
rality of conductive layers, a semiconductor layer, and a 
charge storage layer. The plurality of conductive layers are 
stacked in the first region and the second region and function 
as control electrodes of the memory cells in the first region. 
The semiconductor layer is surrounded by the conductive 
layers in the first region, includes a columnar portion extend 
ing in a perpendicular direction with respect to a Substrate, 
and functions as a body of the memory cells. The charge 
storage layer is formed between the conductive layers and a 
side Surface of the columnar portion and is configured to 
enable storage of a charge and thereby retain data of the 
memory cells. The conductive layers comprises a plurality of 
first trenches, a plurality of second trenches, and a plurality of 
third trenches. The first trenches are arranged in the first 
region so as to have a first pitch in a first direction. The first 
trenches are formed in Stripes having a second direction as a 
longitudinal direction, the second direction being perpen 
dicular to the first direction. The first trenches are formed 
penetrating the plurality of conductive layers. The second 
trenches are arranged in the second region so as to have a 
second pitch in the first direction. The second trenches are 
formed in stripes having the second direction as alongitudinal 
direction. The second trenches are formed penetrating the 
plurality of conductive layers. The third trenches are arranged 
in the second region so as to have a third pitch in the first 
direction and so as to be sandwiched by the second trenches. 
The third trenches are formed in stripes having the second 
direction as a longitudinal direction. The third trenches are 
formed penetrating the plurality of conductive layers. 
0046 Embodiments of a nonvolatile semiconductor 
memory device are described below with reference to the 
drawings. 

First Embodiment 

Configuration of Nonvolatile Semiconductor 
Memory Device 100 in Accordance with First 

Embodiment 

0047 First, a configuration of a nonvolatile semiconduc 
tor memory device 100 in accordance with a first embodiment 
is described with reference to FIG. 1. FIG. 1 is a block 
diagram of the nonvolatile semiconductor memory device 
100 in accordance with the first embodiment of the present 
invention. 
0.048. As shown in FIG. 1, the nonvolatile semiconductor 
memory device 100 in accordance with the first embodiment 
comprises a memory cell array 11, row decoders 12 and 13, a 
sense amplifier 14, a column decoder 15, and a control signal 
generating unit (high Voltage generating unit) 16. 
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0049. As shown in FIG. 2, the memory cell array 11 is 
configured having electrically data-storing memory transis 
tors MTr (word line conductive layers 41) arranged in a 
three-dimensional matrix. That is, the memory transistors 
MTr, as well as being arranged in a matrix in a horizontal 
direction, are also arranged in a stacking direction. A plurality 
of the memory transistors MTraligned in the stacking direc 
tion are connected in series to configure a widely known 
NAND string MS. Connected to the two ends of the NAND 
string MS are, respectively, a drain side select transistor SDTr 
and a source side select transistor SSTr, which are rendered 
conductive when selected. The NAND string MS is arranged 
having the stacking direction as a longitudinal direction. 
0050. As shown in FIG. 1, the row decoders 12 and 13 
decode a blockaddress signal and so on downloaded thereto, 
and control the memory cell array 11. The sense amplifier 14 
reads data from the memory cell array 11. The column 
decoder 15 decodes a column address signal and controls the 
sense amplifier 14. The control signal generating unit 16 
boosts a reference Voltage to generate a high Voltage required 
during write and erase, and, further, generates a control signal 
to control the row decoders 12 and 13, the sense amplifier 14, 
and the column decoder 15. 
0051. Next, a circuit configuration of the memory cell 
array 11 is described with reference to FIG. 3. FIG. 3 is an 
equivalent circuit diagram of the memory transistors MTr, the 
select transistors SDTr and SSTr, and a peripheral circuit 
thereof, formed along a cross-section in a column direction of 
the memory cell array 11. 
0052. As shown in FIG. 3, the memory cell array 11 
includes a plurality of bit lines BL and a plurality of memory 
blocks MB. The bit lines BL are formed in stripes extending 
in the column direction and having a certain pitch in a row 
direction. The memory blocks MB are provided repeatedly in 
the column direction with a certain pitch. 
0053 As shown in FIG.3, each of the memory blocks MB 
includes a plurality of memory units MU commonly con 
nected to the bit lines BL. Each of the memory units MU 
includes the memory string MS, the Source side select tran 
sistor SSTr, and the drain side select transistor SDTr. The 
memory units MU adjacent in the column direction are 
formed Such that a configuration thereof is mutually sym 
metrical in the column direction. The memory units MU are 
arranged in a matrix in the row direction and the column 
direction. 
0054 The memory string MS is configured by memory 
transistors MTr1-MTr3 and a back gate transistor BTr con 
nected in series. The memory transistors MTr1-MTrA are 
connected in series in the stacking direction. The memory 
transistors MTr5-MTr3 also are similarly connected in series 
in the stacking direction. The memory transistors MTr1 
MTr3 store data by trapping a charge in a charge storage layer. 
The back gate transistor BTr is connected between the low 
ermost layer memory transistors MTrA and MTr5. The 
memory transistors MTr1-MTr3 and the back gate transistor 
BTrare thus connected in a U shape in a cross-section in the 
column direction. A source of the drain side select transistor 
SDTr is connected to one end of the memory string MS (a 
drain of the memory transistor MTr1). A drain of the source 
side select transistor SSTris connected to the other end of the 
memory string MS (a source of the memory transistor MTr8). 
0055 Gates of the memory transistors MTr1 in the 
memory units MU arranged in a line in the row direction are 
commonly connected to a word line WL1 extending in the 
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row direction. Similarly, gates of the memory transistors 
MTr2-MTr3 arranged in lines in the row direction are com 
monly connected to word lines WL2-WL8, respectively, 
extending in the row direction. Note that two memory strings 
MS adjacent in the column direction both share the word lines 
WL1-WL8. Moreover, gates of the back gate transistors BTr 
arranged in a matrix in the row direction and the column 
direction are commonly connected to a back gate line BG. 
0056 Gates of each of the drain side select transistors 
SDTr in the memory units MU arranged in a line in the row 
direction are commonly connected to a drain side select gate 
line SGD extending in the row direction. Moreover, drains of 
the drain side select transistors SDTrarranged in a line in the 
column direction are commonly connected to the bit line BL. 
0057 Gates of each of the source side select transistors 
SSTr in the memory units MU arranged in a line in the row 
direction are commonly connected to a source side select gate 
line SGS extending in the row direction. Moreover, in pairs of 
the memory units MU adjacent in the column direction, 
sources of the source side select transistors SSTr arranged 
maline in the row direction are commonly connected to a 
source line SL extending in the row direction. 
0058 Next, a stacking structure of the nonvolatile semi 
conductor memory device 100 in accordance with the first 
embodiment configured to realize the circuit configuration 
shown in FIG. 3 is described with reference to FIGS 4A-4D. 
FIG. 4A is a schematic top view of the nonvolatile semicon 
ductor memory device 100. FIG. 4B is a cross-sectional view 
taken along the line I-I" of FIG. 4A, FIG. 4C is a cross 
sectional view taken along the line II-II' of FIG. 4A, and FIG. 
4D is a cross-sectional view taken along the line of FIG. 4A. 
0059. As shown in FIG. 4A, the nonvolatile semiconduc 
tor memory device 100 includes a memory region AR1 hav 
ing the memory transistors MTr1-MTr8 arranged therein, and 
a peripheral region AR2 provided in a periphery of the 
memory region AR1. 
0060 First, the memory region AR1 is described. As 
shown in FIG. 4B, the memory region AR1 of the nonvolatile 
semiconductor memory device 100 includes on a substrate 
20, sequentially from a lower layer, a back gate layer 30, a 
memory transistor layer 40, a select transistor layer 50, and a 
wiring layer 60. The back gate transistor BTris formed in the 
back gate layer 30. The memory transistors MTr1-MTr3 are 
formed in the memory transistor layer 40. The drain side 
select transistor SDTr and the source side select transistor 
SSTrare formed in the select transistor layer 50. The source 
line SL and the bit line BL are formed in the wiring layer 60. 
0061 The back gate layer 30 includes a back gate conduc 

tive layer 31 formed on the substrate 20 with an insulating 
layer 33 interposed therebetween, as shown in FIG. 4B. The 
back gate conductive layer 31 functions as the back gate line 
BG and as a gate of the back gate transistor BTr. The backgate 
conductive layer 31 is formed in a planar shape extending in 
the row direction and the column direction. The back gate 
conductive layer 31 covers a lower surface and a side surface 
of a joining portion 45B of a U-shaped semiconductor layer 
45 to be described hereafter, and is formed to the same height 
as an upper Surface of the joining portion 45B. The back gate 
conductive layer 31 is configured by polysilicon (poly-Si). 
0062. In addition, the back gate layer 30 includes a back 
gate hole 32 in the memory region AR1, the back gate hole 32 
being formed so as to dig out the back gate conductive layer 
31, as shown in FIG. 4B. The back gate hole 32 is configured 
as an opening having a short side in the row direction and a 
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long side in the column direction. The back gate holes 32 are 
formed in a matrix at certain intervals in the row direction and 
the column direction. 
0063. The memory transistor layer 40 includes word line 
conductive layers 41a-41d in the memory region AR1, the 
word line conductive layers 41a-41d being stacked in the 
stacking direction with an insulating layer 42 interposed ther 
ebetween, as shown in FIG. 4B. 
0064. The word line conductive layers 41a-41d, as well as 
being stacked along the memory region AR1, are formed 
extending also into the peripheral region AR2, as described 
hereafter. The word line conductive layers 41a-41d function 
as the word lines WL1-WL8 and as gates of the memory 
transistors MTr1-MTr8. As shown in FIG. 4A, as viewed 
from above, the word line conductive layers 41a-41d are 
formed so as to be divided in a comb shape in the memory 
region AR1 by a trench T1, the comb shape being configured 
alternately in the row direction. That is, the word line con 
ductive layers 41a-41d are formed in stripes in the memory 
region AR1, the stripes extending in the row direction and 
having a certain pitch in the column direction. The word line 
conductive layers 41a-41d are configured by polysilicon 
(poly-Si). 
0065. The above-described trench T1 is formed so as to 
penetrate the word line conductive layers 41a-41d, as shown 
in FIG. 4A. The trench T1 has a U-shape in a plan view. The 
trench T1 is configured by a trench T1A, a trench T1B (first 
trench), and a trench T1C. The trench T1A is formed in a 
rectangular frame shape so as to Surround the memory region 
AR1 and the peripheral region AR2. The trench T1B is 
formed in stripes in the memory region AR1 inside the trench 
T1A, the stripes having the row direction as a longitudinal 
direction and being arranged having a first pitch P1 in the 
column direction. The trench T1C is formed so as to alter 
nately join one ends of pairs of trenches T1B adjacent in the 
column direction in the memory region AR1 inside the trench 
T1A. 
0066. The insulating layer 42 is formed so as to fill gaps 
between the word line conductive layers 41a-41d, as shown in 
FIG. 4B. The insulating layer 42 is configured by silicon 
oxide (SiO4). The insulating layer 42 is formed as follows. 
During manufacture, a sacrifice layer is formed between the 
word line conductive layers 41a-41d, which sacrifice layer is 
removed to forman air gap, the air gap being filled in to form 
the insulating layer 42. 
0067. Now, it is also possible to sequentially deposit the 
word line conductive layers 41a-41d and an insulating layer 
42A, and then form a memory hole 43 penetrating these word 
line conductive layers 41a-41d and insulating layer 42A. 
However, due to a difference in etching rates of the word line 
conductive layers 41a-41d and insulating layer 42A, it is 
difficult to form the memory hole 43 having a desired shape. 
Thus, in the present embodiment, first, the word line conduc 
tive layers 41a-41d and the sacrifice layer are alternately 
deposited and the memory hole 43 formed. Subsequently, a 
semiconductor layer is formed in the memory hole 43. Then, 
the sacrifice layer is removed and an air gap formed in the 
removed portion, the insulating layer 42 being formed in the 
air gap. A detailed method of manufacturing is described 
hereafter. 
0068. In addition, the memory transistor layer 40 includes 
the memory hole 43 formed penetrating the word line con 
ductive layers 41a-41d and the insulating layer 42, as shown 
in FIG. 4B. 
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0069. The memory hole 43 is formed in the memory 
region AR1 so as to be aligned with a position of the two end 
vicinities in the column direction of each back gate hole 32. 
The memory holes 43 are formed in a matrix with a certain 
pitch in the row direction and the column direction. 
0070. In addition, the above-described back gate transistor 
layer 30 and memory transistor layer 40 include a memory 
gate insulating layer 44 and the U-shaped semiconductor 
layer 45, as shown in FIG. 4B. The U-shaped semiconductor 
layer 45 functions as a body of the memory transistors MTr1 
MTr3 and the back gate transistor BTr. 
0071. The memory gate insulating layer 44 is formed on a 
side surface of the memory hole 43 and the back gate hole 32, 
as shown in FIG. 4B. The memory gate insulating layer 44 is 
configured by a block insulating layer 44a, a charge storage 
layer 44b, and a tunnel insulating layer 44c, as shown in 
FIGS. 5A and 5B. The block insulating layer 44a is formed 
along the side surface of the memory hole 43 and the back 
gate hole 32 so as to be in contact with the word line conduc 
tive layers 41a-41d and the back gate conductive layer 31. 
The block insulating layer 44a is configured by silicon oxide 
(SiO2). The charge storage layer 44b is formed on a side 
Surface of the block insulating layer 44a. The charge storage 
layer 44b is used to store a charge, thereby retaining data of 
the memory transistors MTr1-MTr8. The charge storage layer 
44b is configured by silicon nitride (SiN). The tunnel insulat 
ing layer 44c is formed along a side Surface of the charge 
storage layer 44b so as to be in contact with the U-shaped 
semiconductor layer 45. The tunnel insulating layer 44c is 
configured by silicon oxide (SiO). 
0072 The U-shaped semiconductor layer 45 is formed in 
a U shape as viewed from the row direction, as shown in FIG. 
4B. The U-shaped semiconductor layer 45 is formed so as to 
be in contact with the tunnel insulating layer 44c and so as to 
fill the back gate hole 32 and the memory hole 43, as shown in 
FIGS.5A and 5B. That is, the U-shaped semiconductor layer 
45 is formed in a matrix with a certain pitch in the row 
direction and the column direction. The U-shaped semicon 
ductor layer 45 includes a pair of columnar portions 45A 
extending in a perpendicular direction with respect to the 
substrate 20 as viewed from the row direction, and the joining 
portion 45B formed so as to join lower ends of the pair of 
columnar portions 45A. The U-shaped semiconductor layer 
45 is configured by polysilicon (poly-Si). 
0073 Expressing the above-described configuration of the 
memory transistor layer 40 in other words, the tunnel insu 
lating layer 44c is formed so as to Surround a side Surface of 
the columnar portion 45A. The charge storage layer 44b is 
formed so as to Surround a side Surface of the tunnel insulat 
ing layer 44c. The block insulating layer 44a is formed so as 
to Surround a side Surface of the charge storage layer 44b. The 
word line conductive layers 41a-41d are formed so as to 
Surround a side Surface of the block insulating layer 44a. 
0074 The select transistor layer 50 includes a drain side 
conductive layer 51 and a source side conductive layer 52, the 
source side conductive layer 52 being formed in the same 
layer as the drain side conductive layer 51, as shown in FIG. 
4B. The drain side conductive layer 51 functions as the drain 
side select gate line SGD and as a gate of the drain side select 
transistor SDTr. The source side conductive layer 52 func 
tions as the source side select gate line SGS and as a gate of 
the source side select transistor SSTr. 

0075. The drain side conductive layer 51 and the source 
side conductive layer 52 are formed in stripes extending in the 
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row direction and having a certain pitch in the column direc 
tion. The drain side conductive layer 51 and the source side 
conductive layer 52 are provided alternately two at a time in 
the column direction. The drain side conductive layer 51 and 
the source side conductive layer 52 are configured by poly 
silicon (poly-Si). 
0076. In addition, the select transistor layer 50 includes a 
drain side hole 53 and a source side hole 54, as shown in FIG. 
4B. The drain side hole 53 is formed penetrating the drain side 
conductive layer 51. The source side hole 54 is formed pen 
etrating the source side conductive layer 52. The drain side 
hole 53 and the source side hole 54 are formed at a position 
aligning with the memory hole 43. 
(0077. Moreover, the select transistor layer 50 includes a 
drain side gate insulating layer 55, a source side gate insulat 
ing layer 56, a drain side columnar semiconductor layer 57. 
and a source side columnar semiconductor layer 58, as shown 
in FIG. 4B. The drain side columnar semiconductor layer 57 
functions as a body of the drain side select transistor SDTr. 
The source side columnar semiconductor layer 58 functions 
as a body of the source side select transistor SSTr. 
0078. The drain side gate insulating layer 55 is formed on 
a side surface of the drain side hole 53. The source side gate 
insulating layer 56 is formed on a side surface of the source 
side hole 54. The drain side gate insulating layer 55 and the 
Source side gate insulating layer 56 are configured by silicon 
oxide (SiO). The drain side columnar semiconductor layer 
57 is formed in a column shape extending in the stacking 
direction and in contact with the drain side gate insulating 
layer 55, and so as to fill the drain side hole 53. The source 
side columnar semiconductor layer 58 is formed in a column 
shape extending in the stacking direction and in contact with 
the source side gate insulating layer 56, and so as to fill the 
source side hole 54. The drain side columnar semiconductor 
layer 57 and the source side columnar semiconductor layer 58 
are configured by polysilicon (poly-Si). 
0079 Expressing the above-described configuration of the 
select transistor layer 50 in other words, the drain side gate 
insulating layer 55 is formed so as to surround a side surface 
of the drain side columnar semiconductor layer 57. The drain 
side conductive layer 51 is formed so as to surround a side 
surface of the drain side gate insulating layer 55. The source 
side gate insulating layer 56 is formed so as to Surround a side 
surface of the source side columnar semiconductor layer 58. 
The source side conductive layer 52 is formed so as to sur 
round a side Surface of the Source side gate insulating layer 
56. 

0080. The wiring layer 60 includes a first wiring layer 61, 
a second wiring layer 62, and a plug layer 63, as shown in FIG. 
4B. The first wiring layer 61 functions as the source line SL. 
The second wiring layer 62 functions as the bit line BL. 
I0081. The first wiring layer 61 is formed so as to be com 
monly in contact with upper Surfaces of adjacent two of the 
Source side columnar semiconductor layers 58, as shown in 
FIG. 4B. The first wiring layer 61 is formed in stripes extend 
ing in the row direction and having a certain pitch in the 
column direction. The first wiring layer 61 is configured by a 
metal such as tungsten (W). 
I0082. The second wiring layer 62 is connected to an upper 
surface of the drain side columnar semiconductor layer 57 via 
the plug layer 63, as shown in FIG. 4B. The second wiring 
layer 62 is formed in Stripes extending in the column direction 
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and having a certain pitch in the row direction. The second 
wiring layer 62 and the plug layer 63 are configured by a 
metal Such as tungsten (W). 
0083) Next, the peripheral region AR2 is described. As 
shown in FIG. 4D, the peripheral region AR2 of the nonvola 
tile semiconductor memory device 100 in accordance with 
the first embodiment includes the word line conductive layers 
41a-41d and the insulating layer extending from the memory 
region AR1, and an insulating layer 422. 
0084. The word line conductive layers 41a-41d in the 
peripheral region AR2 are formed in a plate shape extending 
in the row direction and the column direction, as shown in 
FIG. 4A. The word line conductive layers 41a-41d in the 
peripheral region AR2 include a stepped portion ST, as shown 
in FIG. 4A. The stepped portion ST is formed in a stepped 
shape such that positions of ends of the word line conductive 
layers 41a-41d differ, thereby enabling connection of a con 
tact plug layer 64 to be described hereafter. 
0085. Furthermore, the word line conductive layers 41a 
41d in the peripheral region AR2 include trenches T2 (second 
trenches) and trenches T3 (third trenches), as shown in FIG. 
4A. The trenches T2 and T3 are formed penetrating the word 
line conductive layers 41a-41d. The trenches T2 are formed 
in stripes having the row direction as a longitudinal direction 
and having a second pitch P2 in the column direction. The 
trenches T3 are formed in stripes having the row direction as 
a longitudinal direction and having the second pitch P2 
(P2DP1) in the column direction and so as to be sandwiched 
by the trenches T2. The trenches T2 and T3 are formed alter 
nately in the column direction with the first pitch P1 (P1-P2/ 
2). A length in the row direction of the trench T2 is greater 
than a length in the row direction of the trench T3. 
The insulating layer 42 in the peripheral region AR2 is formed 
continuously from the memory region AR1, as shown in FIG. 
4D. The trenches T1 and T2 in the peripheral region AR2 are 
filled by this insulating layer 42, as shown in FIG. 4C. In 
contrast, the trench T3 is filled by an insulating layer 421. The 
insulating layer 421 is configured by silicon oxide (SiO) and 
is formed in a separate process to the insulating layer 42. 
Portions of the insulating layers 42 and 421 are formed in a 
region sandwiched by the word line conductive layers 41a 
41d in the perpendicular direction with respect to the sub 
strate 20. A boundary line between the portions of the insu 
lating layers 42 and 421 is generally perpendicular to the 
substrate 20. 

I0086. The insulating layer 422 is formed so as to fill the 
word line conductive layers 41a-41d and the insulating layer 
42 (stepped portion ST), as shown in FIG. 4D. The insulating 
layer 422 is configured by silicon oxide (SiO). 
0087 Moreover, the peripheral region AR2 of the non 
volatile semiconductor memory device 100 in accordance 
with the first embodiment includes the contact plug layer 64. 
The contact plug layer 64 is formed to electrically connect 
wiring in a layer above (not shown) and the word line con 
ductive layers 41a-41d configuring the stepped portion ST. 
The contact plug layer 64 is formed in a column shape extend 
ing in the Stacking direction and is formed having its lower 
Surface in contact with an upper Surface of the word line 
conductive layers 41a-41d. The contact plug layer 64 is con 
figured by a metal Such as tungsten (W). 
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I0088 Method of Manufacturing Nonvolatile Semicon 
ductor Memory Device in accordance with First Embodi 
ment 
I0089 Next, a method of manufacturing the nonvolatile 
semiconductor memory device in accordance with the first 
embodiment is described with reference to FIGS. 6A-14. 
FIGS. 6A-14 are views showing manufacturing processes of 
the nonvolatile semiconductor memory device in accordance 
with the first embodiment. 
0090 First, silicon oxide (SiO) and polysilicon (poly-Si) 
are deposited in the memory region AR1 and the peripheral 
region AR2 of the substrate 20 to form the insulating layer 33 
and the backgate conductive layer 31, as shown in FIGS. 6A 
and 6B. Then, the back gate layer 31 in the memory region 
AR1 is dug out to a certain depth to form the back gate hole 
32. Next, silicon nitride (SiN) is deposited to fill the backgate 
hole 32, thereby forming a sacrifice layer 71. 
(0091 Subsequently, LPCVD (Low Pressure Chemical 
Vapor Deposition) is used to form sacrifice layers 72a-72d 
and the word line conductive layers 41a-41d alternately on an 
upper portion of the back gate conductive layer 31 and sacri 
fice layer 71, as shown in FIGS. 7A and 7B. The LPCVD 
alternately uses silane (SiH) gas and a mixed gas of silane 
and boron trichloride (BC1). As a result, the sacrifice layers 
72a-72d are configured by non-doped amorphous silicon that 
does not include boron (impurity), and the word line conduc 
tive layers 41a-41d are configured by amorphous silicon that 
does include boron (impurity). 
0092 Next, silicon oxide (SiO) is deposited to form an 
insulating layer 73 acting as a mask, as shown in FIGS. 7A 
and 7B. 
0093. Then, the memory hole 43 is formed in the memory 
region AR1 so as to penetrate the word line conductive layers 
41a-41d and the sacrifice layers 72a-72d, as shown in FIGS. 
8A and 8B. The memory holes 43 are formed in a matrix to 
have a certain pitch in the row direction and the column 
direction. In addition, the memory hole 43 is formed at a 
positionaligning with the two ends in the column direction of 
the back gate hole 32. Next, the sacrifice layer 71 is removed 
via the memory hole 43. 
I0094 Subsequently, silicon oxide (SiO), silicon nitride 
(SiN), and silicon oxide (SiO) are sequentially deposited on 
a side Surface facing the memory hole 43 and the back gate 
hole 32, thereby forming the memory gate insulating layer 44. 
as shown in FIGS. 9A and 9B. Next, polysilicon (poly-Si) is 
deposited so as to fill the memory hole 43 and the back gate 
hole 32, thereby forming the U-shaped semiconductor layer 
45. 

0095 Next, the trenches T1 and T2 are formed, as shown 
in FIGS. 10A-10C. The trenches T1 and T2 are formed so as 
to penetrate the word line conductive layers 41a-41d, the 
sacrifice layers 72a-72d, and the insulating layer 73. 
(0096. The trench T1 is formed dividing the word line 
conductive layers 41a-41d in a comb shape. The trench T1 is 
formed so as to include the trench T1A, the trench T1B, and 
the trench T1C. The trench T1A is formed in a rectangular 
frame shapeso as to Surround the memory region AR1 and the 
peripheral region AR2. The trench T1B is formed in stripes in 
the memory region AR1 inside the trench T1A, the stripes 
having the row direction as a longitudinal direction and being 
arranged having the first pitch P1 in the column direction. The 
trench T1C is formed so as to alternately join one ends of pairs 
of trenches T1B adjacent in the column direction in the 
memory region AR1 inside the trench T1A. 
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0097. The trenches T2 are formed having the second pitch 
P2 in the column direction, and are formed in Stripes having 
the row direction as a longitudinal direction. 
0098. Then, the sacrifice layers 72a-72d in the memory 
region AR1 are removed via the trench T1 to form an air gap 
Ag1 in the removed portion, as shown in FIGS. 11A and 11B. 
At the same time, side surfaces of the sacrifice layers 72a-72d 
in the peripheral region AR2 facing the trenches T2 are cut 
back (recessed) to forman air gap Ag2 in the cutbackportion. 
0099 Now, in the memory region AR1, the sacrifice layers 
72a-72d are completely removed. That is, the word line con 
ductive layers 41a-41d become supported by the U-shaped 
semiconductor layer 45. Furthermore, the trench T2 is formed 
with a greater separation than the trench T1, and the sacrifice 
layers 72a-72d in the peripheral region AR2 have only their 
side surface removed. That is, the word line conductive layers 
41a-41d become Supported by a remaining portion of the 
sacrifice layers 72a-72d. 
0100 Next, silicon oxide (SiO) is deposited so as to fill 
the trenches T1 and T2, and the air gaps Ag1 and Ag2, thereby 
forming the insulating layer 42, as shown in FIGS. 12A-12C. 
0101 Then, the trenches T3 are formed in the peripheral 
region AR2 between the trenches T2 aligned in the column 
direction, as shown in FIGS. 13A and 13B. The trench T3 is 
formed penetrating the word line conductive layers 41a-41d 
and the remaining portion of the sacrifice layers 72a-72d. The 
trenches T3 are formed in stripes having the row direction as 
a longitudinal direction and having the second pitch P2 in the 
column direction and so as to be sandwiched by the trenches 
T2. 

0102 Next, the remaining portion of the sacrifice layers 
72a-72d is removed via the trench T3 to form an air gap Ag3 
in the removed portion, as shown in FIG. 14. Now, on forma 
tion of the air gap Ag3, the word line conductive layers 
41a-41d are Supported by the insulating layer 42. 
0103 Subsequent to the process shown in FIG. 14, silicon 
oxide (SiO2) is deposited to fill the trench T3 and the air gap 
Ag3, thereby forming the insulating layer 421. Additionally, 
subsequent to the process shown in FIG. 14, the word line 
conductive layers 41a-41d in the peripheral region AR2 are 
processed in a stepped shape to form the stepped portion ST. 
Then, silicon oxide (SiO2) is deposited to fill the stepped 
portion ST, thereby forming the insulating layer 422. 
0104. In the method of manufacturing the nonvolatile 
semiconductor memory device 100 in accordance with the 
first embodiment, the word line conductive layers 41a-41d 
and the sacrifice layers 72a-72d are both configured by amor 
phous silicon. The word line conductive layers 41a-41d and 
the sacrifice layers 72a-72d can thus beformed continuously 
using a single depositing device, thereby increasing yield. 
0105. A comparative example is here considered in which 
the word line conductive layers 41a-41d are configured by 
amorphous silicon and sacrifice layers are configured by sili 
con oxide. In the case of this comparative example, etching 
rates of the word line conductive layers 41a-41d and the 
sacrifice layers differ greatly. It is thus difficult in the com 
parative example to form the memory hole 43 in one indus 
trial manufacturing step so as to penetrate the word line 
conductive layers 41a-41d and the sacrifice layers. In con 
trast, in the above-described first embodiment, the word line 
conductive layers 41a-41d and the sacrifice layers 72a-72d 
are both configured by amorphous silicon, and the etching 
rates are substantially the same. The memory hole 43 canthus 
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be formed in one industrial manufacturing step so as to pen 
etrate the word line conductive layers 41a-41d and the sacri 
fice layers 72a-72d. 
01.06 Furthermore, in order to fill between the word line 
conductive layers 41a-41d with the insulating layer 42 in the 
memory region AR1, the sacrifice layers 72a-72d in the 
memory region AR1 are removed in a state where the 
U-shaped semiconductor layer 45 is provided, thereby form 
ing the air gap Ag1 in the removed portion. The insulating 
layer 42 is then formed filling the air gap Ag1. As a result, 
even when the air gap Ag1 is formed, the Support of the 
U-shaped semiconductor layer 45 prevents collapse or Sag 
ging of the structure of the word line conductive layers 41a 
41d in the memory region AR1. 
01.07 Moreover, in order to fill between the word line 
conductive layers 41a-41d with the insulating layer 42 in the 
peripheral region AR2 (Stepped portion ST), the air gap Ag2 
is formed so as to leave a part of the sacrifice layers 72a-72d 
in the peripheral region AR2 (stepped portion ST). Now, in 
order to leave a part of the sacrifice layers 72a-72d, the 
trenches T2 are formed having the second pitch P2 (P2DP1) in 
the column direction. The insulating layer 42 is then formed 
filling the air gap Ag2. Next, the remaining portion of the 
sacrifice layers 72a-72d is removed to form the air gap Ag3. 
The insulating layer 421 is then formed filling the air gap Ag3. 
As a result, even when the air gap Ag2 is formed, the Support 
of the remaining portion of the sacrifice layers 72a-72d pre 
vents collapse or sagging of the structure of the word line 
conductive layers 41a-41d in the peripheral region AR2 
(stepped portion ST). Moreover, even when the air gap Ag3 is 
formed, the support of the insulating layer 42 formed in the air 
gap Ag2 prevents collapse or sagging of the structure of the 
word line conductive layers 41a-41d in the peripheral region 
AR2. As a result, in the above-described first embodiment, 
short-circuits and the like arising due to sagging of the word 
line conductive layers 41a-41d in the stepped portion ST can 
be suppressed. 

Second Embodiment 

Configuration of Nonvolatile Semiconductor 
Memory Device in accordance with Second Embodi 

ment 

0.108 Next, a stacking structure of a nonvolatile semicon 
ductor memory device in accordance with a second embodi 
ment is described with reference to FIGS. 15A-15C. FIG. 
15A is a schematic top view of the nonvolatile semiconductor 
memory device in accordance with the second embodiment. 
FIG. 15B is a cross-sectional view taken along the line I-I" of 
FIG. 15A, and FIG. 15C is a cross-sectional view taken along 
the line II-II of FIG. 15A. Note that in the Second embodi 
ment, identical symbols are assigned to configurations simi 
lar to those in the first embodiment and descriptions thereof 
are omitted. 
0109 The nonvolatile semiconductor memory device in 
accordance with the second embodiment includes the 
memory region AR1 and the peripheral region AR2 substan 
tially identical to the first embodiment, as shown in FIG.15A. 
0110. In the second embodiment, the memory transistor 
layer 40 includes word line conductive layers 41Aa-41Ad 
configured by a metal Such as tungsten (W), as shown in FIG. 
15B. The word line conductive layers 41Aa-41Ad include the 
trenches T1 and T2, and do not include the trenches T3 as in 
the first embodiment, as shown in FIG. 15A. 
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0111. Furthermore, the memory transistor layer 40 
includes insulating layers 41Ca-41Cd in the peripheral region 
AR2, the insulating layers 41Ca-41Cd being formed in the 
same layer as the word line conductive layers 41Aa-41Adand 
being formed so as to Surround the word line conductive 
layers 41Aa-41Ad, as shown in FIG. 15C. The insulating 
layers 41Ca-41Cd are configured by silicon nitride (SiN). 
Upper surfaces and lower surfaces of the word line conduc 
tive layers 41Aa-41Ad and the insulating layers 41Ca-41Cd 
are sandwiched by insulating layers 42Aa-42Ad. The insu 
lating layers 42Aa-42Ad are configured by silicon oxide 
(SiO). A distance D in the column direction between the 
insulating layers 41Ca-41Cd and the trench T2 is less than a 
width W1 in the column direction of the insulating layers 
41Ca-41Cd. Further, a width W2 in the column direction of 
the trench T2 is less than the distance D. 
0112 Method of Manufacturing Nonvolatile Semicon 
ductor Memory Device in accordance with Second Embodi 
ment 
0113. Next, a method of manufacturing the nonvolatile 
semiconductor memory device inaccordance with the second 
embodiment is described with reference to FIGS. 16A-19B. 
FIGS. 16A-19B are views showing manufacturing processes 
of the nonvolatile semiconductor memory device in accor 
dance with the second embodiment. 
0114. In the second embodiment, first, the processes 
shown in FIGS. 6A and 6B of the first embodiment are per 
formed. Next, and differing from the first embodiment, sili 
con oxide (SiO) and silicon nitride (SiN) are alternately 
deposited to form the insulating layers 42Aa-42Ad and the 
insulating layers 41Ca-41Cd. Next, processes similar to those 
of FIGS. 8A, 8B, 9A, and 9B in the first embodiment are 
executed. 
0115 Subsequently, the trenches T1 and T2 similar to 
those of the first embodiment are formed, as shown in FIGS. 
16A and 16B. 
0116. Next, the insulating layers 41Ca-41Cd in the 
memory region AR1 are removed via the trench T1 to forman 
air gap Ag4 in the removed portion, as shown in FIGS. 17A 
and 17B. At the same time, side surfaces of the insulating 
layers 41Ca-41Cd in the peripheral region AR2 facing the 
trench T2 are cutback (recessed) to forman air gap Ag5 in the 
cutback portion. 
0117 Now, in the memory region AR1, the insulating 
layers 41Ca-41Cd are completely removed. That is, the insu 
lating layers 42Aa-42Ad become supported by the U-shaped 
semiconductor layer 45. Furthermore, the trenches T2 are 
formed with a greater separation than the trenches T1, and the 
insulating layers 41Ca-41Cd in the peripheral region AR2 
have only their side surface removed. That is, the insulating 
layers 42Aa-42Ad become Supported by a remaining portion 
of the insulating layers 41Ca-41Cd which has a width in 
column direction as shown in FIG. 17B. 
0118. Then, as shown in FIGS. 18A and 18B, tungsten 
(W) is deposited to fill the air gap Aga via the trench T1 in the 
memory region AR1, thereby forming a layer 41A. At the 
same time, the layer 41A is formed in the peripheral region 
AR2 filling the air gap Ag5 via the trench T2. 
0119) Next, the layer 41A formed on a side surface of the 
trench T1 in the memory region AR1 and the layer 41A 
formed on a side surface of the trench T2 in the peripheral 
region AR2 are removed, as shown in FIGS. 19A and 19B. 
Through this process, the layer 41A becomes the word line 
conductive layers 41Aa-41Ad. Subsequently, silicon oxide 
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(SiO) is deposited filling the trenches T1 and T2, thereby 
forming the insulating layer 42. Then, the word line conduc 
tive layers 41Aa-41Ad in the peripheral region AR2 are pro 
cessed in a stepped shape to form the stepped portion ST. 
0.120. The nonvolatile semiconductor memory device in 
accordance with the second embodiment does not require the 
processes shown in FIGS. 13A, 13B, and 14 of the first 
embodiment, and is thus able to improve yield over the first 
embodiment. 

Other Embodiments 

0121 While certain embodiments of the invention have 
been described, these embodiments have been presented by 
way of example only, and are not intended to limit the scope 
of the invention. Indeed, the novel methods and systems 
described herein may be embodied in a variety of otherforms: 
furthermore, various omissions, Substitutions and changes in 
the form of the methods and systems described herein may be 
made without departing from the spirit of the invention. The 
accompanying claims and their equivalents are intended to 
cover such forms or modifications as would fall within the 
Scope and spirit of the invention. 
0.122 For example, a method of manufacturing a nonvola 
tile semiconductor memory device, the nonvolatile semicon 
ductor memory device including a first region having a plu 
rality of electrically rewritable memory cells disposed 
therein, and a second region adjacent to the first region, the 
method comprising: 
I0123 stacking a plurality of conductive layers and sacri 
fice layers alternately on a Substrate in the first region and the 
second region; 
0.124 forming a hole in the first region penetrating the 
plurality of conductive layers and sacrifice layers; 
0.125 forming a charge storage layer on a side Surface of 
the hole; 
0.126 forming a semiconductor layer to fill the hole; 
I0127 forming a plurality of first trenches in the first 
region, the first trenches being arranged so as to have a first 
pitch in a first direction, the first trenches being formed in 
stripes having a second direction as a longitudinal direction, 
the second direction being perpendicular to the first direction, 
and the first trenches being formed penetrating the plurality of 
conductive layers and sacrifice layers, and forming a plurality 
of second trenches in the second region, the second trenches 
being arranged so as to have a second pitch in the first direc 
tion, the second trenches being formed in Stripes having the 
second direction as a longitudinal direction, and the second 
trenches being formed penetrating the plurality of conductive 
layers and sacrifice layers; 
I0128 forming a plurality of first air gaps in the first region 
by removing the sacrifice layers via the first trenches, and 
forming a plurality of second air gaps in the second region by 
cutting back a side Surface of the sacrifice layers facing the 
second trench; 
I0129 forming a plurality of first insulating layers to fill the 
first trenches, the second trenches, the first air gaps and the 
Second air gaps; 
0.130 forming a plurality of third trenches in the second 
region Subsequent to forming the first insulating layers, the 
third trenches penetrating the conductive layers and the sac 
rifice layers; 
I0131 forming a plurality of third air gaps by removing the 
sacrifice layers via the third trenches; and 
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0132 forming a plurality of second insulating layers to fill 
the third trenches and the third air gaps. 
0.133 For example, the second trenches are longer in the 
second direction than the third trenches. 
0134) For example, the method of manufacturing a non 
Volatile semiconductor memory device, the nonvolatile semi 
conductor memory device including a first region having a 
plurality of electrically rewritable memory cells disposed 
therein, and a second region adjacent to the first region, may 
be a method comprising: 
0135 stacking a plurality of first insulating layers and 
sacrifice layers alternately on a Substrate along a first region 
and a second region; 
0.136 forming a hole in the first region penetrating the 
plurality of first insulating layers and sacrifice layers; 
0.137 forming a charge storage layer on a side surface of 
the hole; 
0138 forming a semiconductor layer to fill the hole; 
0139 forming a plurality of first trenches in the first 
region, the first trenches being arranged so as to have a first 
pitch in a first direction, the first trenches being formed in 
stripes having a second direction as a longitudinal direction, 
the second direction being perpendicular to the first direction, 
and the first trenches being formed penetrating the plurality of 
first insulating layers and sacrifice layers, and forming a 
plurality of second trenches in the second region, the second 
trenches being arranged so as to have a second pitch in the first 
direction, the second trenches being formed in Stripes having 
the second direction as a longitudinal direction, and the sec 
ond trenches being formed penetrating the plurality of first 
insulating layers and sacrifice layers; 
0140 forming a plurality of first air gaps in the first region 
by removing the sacrifice layers via the first trenches, and 
forming a plurality of second air gaps in the second region by 
cutting back a side Surface of the sacrifice layers facing the 
second trenches; 
0141 forming a plurality of conductive layers in the first 
region and the second region to fill the first air gap and the 
Second air gaps; and 
0142 forming a plurality of second insulating layers in the 

first region and the second region to fill the first trenches and 
the second trenches. 
0143 Further, for example, a distance in the first direction 
between the sacrifice layers and the second trenches may be 
smaller than a width in the first direction of the sacrifice 
layers, and a width in the first direction of the second trenches 
may be smaller than the distance in the first direction between 
the sacrifice layers and the second trenches. 
0144. For example, the trenches T3 in the first embodi 
ment need not be formed with the second pitch P2 and 
requires to be formed sandwiched by the trench T2. 
0145 For example, the word line conductive layers 41Aa 
41Ad in the second embodiment may be configured by poly 
silicon (poly-Si) or the like, rather than a metal layer. 
0146 For example, a void may be formed in a boundary 
between the insulating layer 42 and 421 in the peripheral 
region AR2. Such voids may be shown in a cross sectional 
view taken along column direction which is corresponding to 
FIG 4C. 
0147 For example, the nonvolatile semiconductor 
memory device in accordance with the above-described 
embodiments includes a U-shaped semiconductor layer 45, 
but may include, for example, an I-shaped semiconductor 
layer extending in the stacking direction Such as described in 
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the Japanese Patent Application No. 2006-86674, filed on 
Mar. 27, 2006, and the American patent application Ser. No. 
1 1/654,551, filed on Jan. 18, 2007, the entire contents of 
which are incorporated herein by reference, in place of the 
U-shaped semiconductor layer 45. 
What is claimed is: 
1. A nonvolatile semiconductor memory device including a 

first region having a plurality of electrically rewritable 
memory cells disposed therein, and a second region adjacent 
to the first region, the nonvolatile semiconductor memory 
device comprising: 

a plurality of conductive layers Stacked in the first region 
and the second region and functioning as control elec 
trodes of the memory cells in the first region; 

a semiconductor layer Surrounded by the conductive layers 
in the first region, including a columnar portion extend 
ing in a perpendicular direction with respect to a Sub 
strate, and functioning as a body of the memory cells; 
and 

a charge storage layer formed between the conductive lay 
ers and a side surface of the columnar portion and con 
figured to enable storage of a charge and thereby retain 
data of the memory cells, 

the conductive layers comprising: 
a plurality of first trenches arranged in the first region so as 

to have a first pitch in a first direction, the first trenches 
being formed in stripes having a second direction as a 
longitudinal direction, the second direction being per 
pendicular to the first direction, and the first trenches 
being formed penetrating the plurality of conductive 
layers; 

a plurality of second trenches arranged in the second region 
So as to have a second pitch in the first direction, the 
second trenches being formed in Stripes having the sec 
ond direction as a longitudinal direction, and the second 
trenches being formed penetrating the plurality of con 
ductive layers; and 

a plurality of third trenches arranged in the second region 
So as to have a third pitch in the first direction and so as 
to be sandwiched by the second trenches, the third 
trenches being formed in Stripes having the second 
direction as a longitudinal direction, and the third 
trenches being formed penetrating the plurality of con 
ductive layers. 

2. The nonvolatile semiconductor memory device accord 
ing to claim 1, 

wherein the second pitch is substantially twice the first 
pitch, and 

wherein the third pitch is substantially equal to the second 
pitch. 

3. The nonvolatile semiconductor memory device accord 
ing to claim 1, 

wherein the second trenches are longer in the second direc 
tion than the third trenches. 

4. The nonvolatile semiconductor memory device accord 
ing to claim 1, further comprising: 

a first insulating layer filling the second trench; and 
a second insulating layer filling the third trench. 
5. The nonvolatile semiconductor memory device accord 

ing to claim 4. 
wherein the first insulating layer and the second insulating 

layer are configured by silicon oxide. 
6. The nonvolatile semiconductor memory device accord 

ing to claim 1, 
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wherein the second pitch is substantially twice the first 
pitch, 

wherein the third pitch is substantially equal to the second 
pitch, and 

wherein the second trenches are longer in the second direc 
tion than the third trenches. 

7. The nonvolatile semiconductor memory device accord 
ing to claim 1, 

wherein the plurality of conductive layers include a 
stepped portion in the second region, the stepped portion 
being formed in a stepped shape Such that positions of 
ends of the conductive layers differ. 

8. The nonvolatile semiconductor memory device accord 
ing to claim 1, 

wherein the plurality of conductive layers are divided in a 
comb shape in the first region. 

9. The nonvolatile semiconductor memory device accord 
ing to claim 1, 

wherein the semiconductor layer includes a joining portion 
configured to join lower ends of a pair of the columnar 
portions. 

10. A nonvolatile semiconductor memory device including 
a first region having a plurality of electrically rewritable 
memory cells disposed therein, and a second region adjacent 
to the first region, the nonvolatile semiconductor memory 
device comprising: 

a plurality of conductive layers stacked in the first region 
and the second region and functioning as control elec 
trodes of the memory cells in the first region; 

a semiconductor layer Surrounded by the conductive layers 
in the first region, including a columnar portion extend 
ing in a perpendicular direction with respect to a Sub 
strate, and functioning as a body of the memory cells; 

a charge storage layer formed between the conductive lay 
ers and a side surface of the columnar portion and con 
figured to enable storage of a charge and thereby retain 
data of the memory cells; and 

a plurality of insulating layers each provided in the second 
region in the same layer as the conductive layers and 
formed surrounded by the conductive layers, 

the conductive layers comprising: 
a plurality of first trenches arranged in the first region so as 

to have a first pitch in a first direction, the first trenches 
being formed in stripes having a second direction as a 
longitudinal direction, the second direction being per 
pendicular to the first direction, and the first trenches 
being formed penetrating the plurality of conductive 
layers; and 

a plurality of second trenches arranged in the second region 
So as to have a second pitch in the first direction, the 
second trenches being formed in Stripes having the sec 
ond direction as a longitudinal direction, and the second 
trenches being formed penetrating the plurality of con 
ductive layers, 

the insulating layers being arranged in the second region so 
as to have a third pitch in the first direction, and being 
formed in Stripes having the second direction as a lon 
gitudinal direction. 

11. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

Mar. 10, 2011 

wherein a distance in the first direction between the insu 
lating layers and the second trenches is Smaller than a 
width in the first direction of the insulating layers, and 

wherein a width in the first direction of the second trenches 
is smaller than the distance in the first direction between 
the insulating layers and the second trenches. 

12. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the second pitch is substantially twice the first 
pitch, and 

wherein the third pitch is substantially equal to the second 
pitch. 

13. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the insulating layers are configured by Silicon 
nitride. 

14. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the plurality of conductive layers are configured 
by a metal. 

15. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the plurality of conductive layers include a 
stepped portion in the second region, the stepped portion 
being formed in a stepped shape Such that positions of 
ends of the conductive layers differ. 

16. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the plurality of conductive layers are divided in a 
comb shape in the first region. 

17. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein the semiconductor layer includes a joining portion 
configured to join lower ends of a pair of the columnar 
portions. 

18. The nonvolatile semiconductor memory device accord 
ing to claim 10, 

wherein a distance in the first direction between the insu 
lating layers and the second trenches is Smaller than a 
width in the first direction of the insulating layers, 

wherein a width in the first direction of the second trenches 
is smaller than the distance in the first direction between 
the insulating layers and the second trenches, 

wherein the second pitch is substantially twice the first 
pitch, and 

wherein the third pitch is substantially equal to the second 
pitch. 

19. The nonvolatile semiconductor memory device accord 
ing to claim 4. 

wherein a portion of the first insulating layer and a portion 
of the second insulating layer are formed in a region 
Sandwiched by the conductive layers in the perpendicu 
lar direction with respect to the substrate. 

20. The nonvolatile semiconductor memory device accord 
ing to claim 19, 

wherein a boundary line between the portion of the first 
insulating layer and the portion of the second insulating 
layer is generally perpendicular to the Substrate. 
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